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$EVWUDFW² 9LGHR FDSVXOH HQGRVFRS\ 9&( ZDV RULJLQDOO\
GHYHORSHGWRDGGUHVVWKHOLPLWDWLRQRIFRQYHQWLRQDOHQGRVFRS\LQ
DFFHVVLQJWKHVPDOOERZHODVDUHPRWHSDUWRIWKHJDVWURLQWHVWLQDO
WUDFW 7R IXUWKHU HQKDQFH WKH GLDJQRVWLF DELOLW\ RI 9&(
PLFURXOWUDVRXQG FDSVXOH HQGRVFRS\ LV XQGHU GHYHORSPHQW IRU
LGHQWLILFDWLRQRIGLVHDVHDWDQHDUOLHUVWDJHDQGYLVXDOLVDWLRQRIVXE
VXUIDFHWLVVXHIHDWXUHV7KLVSDSHUSUHVHQWVDQHYDOXDWLRQRIWZR
DSSURDFKHV WR LPSURYH VLJQDO WR QRLVH UDWLR 615 LQ UDSLG
SURWRW\SHGFDSVXOHHQGRVFRSHV)LUVWQRLVHUHGXFWLRQWHFKQLTXHV
DUHDSSOLHG WR WKH LQWHJUDWHG IURQWHQGFLUFXLWV LQ WKHSURWRW\SH
FDSVXOHV6HFRQGO\PXOWLSOHW\SHVRIFRGHGH[FLWDWLRQWUDQVPLVVLRQ
DUH WHVWHG DQG EHQFKPDUNHG ZLWK UHVSHFW WR QRQFRGHG
WUDQVPLVVLRQ5HVXOWVDUHSUHVHQWHGIRUERWKEHQFKWRSSKDQWRP
LPDJLQJDQGLQYLYRWUDQVODWLRQDOWULDOLPDJLQJ
.H\ZRUGV ² FDSVXOH HQGRVFRS\ PLFURXOWUDVRXQG IURQWHQG
HOHFWURQLFVFRGHGH[FLWDWLRQSXOVHFRPSUHVVLRQ
, ,1752'8&7,21
9LGHR FDSVXOH HQGRVFRS\ 9&( KDV QRZ DFKLHYHG
WHFKQRORJLFDO PDWXULW\ DV DQ DOWHUQDWLYH WR FRQYHQWLRQDO
HQGRVFRS\DQGFRORQRVFRS\EXWLVOLPLWHGWRRSWLFDOLPDJLQJRI
WKHJXWZDOOVXUIDFHIRUFOLQLFDOGLDJQRVLV>@5HVHDUFKLVQRZ
XQGHU ZD\ WR H[SDQG WKLV LPDJLQJ SODWIRUP ZLWK LQWHJUDWHG
XOWUDVRXQGDQGPLFURXOWUDVRXQGP86LPDJLQJGHYLFHV86&(
>@±>@ 5HVHDUFKHUV KDYH SDUWLFXODUO\ VRXJKW WR DGGUHVV NH\
FRQFHUQVDERXWDFRXVWLFFRXSOLQJLPDJHTXDOLW\DQGPXOWLPRGDO
V\VWHPLQWHJUDWLRQWKURXJKDVHWRIWUDQVODWLRQDOWULDOSURWRW\SHV
GHYHORSHGIRUUDSLGYDOLGDWLRQDQGGHVLJQLWHUDWLRQ>@/RZFRVW
DSSURDFKHVZLWKPLQLPDOPDQXIDFWXULQJWLPHZHUHDGRSWHGWR
DOORZPXOWLSOH UDSLGSURWRW\SLQJ GHVLJQ F\FOHV DQG LQWHJUDWHG
IURQWHQGHOHFWURQLFVZHUHLQFOXGHGWRLPSURYHVLJQDOLQWHJULW\
DQGDGGUHVV LVVXHV UHODWHG WRHOHFWULFDO LQWHUIHUHQFH+RZHYHU
WKHVHORZFRVWDSSURDFKHVOHGWRUHGXFHGSHUIRUPDQFHDQGORZHU
VLJQDOTXDOLW\LQFRPSDULVRQWRFOLQLFDOGHYLFHVLQWKHUDZHFKR
GDWD UHVXOWLQJ LQ LPDJHV ZLWK UHGXFHG G\QDPLF UDQJH DQG
SHQHWUDWLRQGHSWK
7KLVSDSHUUHSRUWVZRUNWRDGGUHVVWKHUHGXFWLRQRIVLJQDOWR
QRLVHUDWLR615ZKLOHPDLQWDLQLQJWKHIRUPIDFWRUDQGUDSLG
SURWRW\SLQJDSSURDFKRIWKHILUVWGHYLFHV7RUHGXFHWKHRYHUDOO
QRLVH IORRU RI WKH V\VWHP DQDORJXH IURQWHQG FLUFXLWU\ ZDV
GHYHORSHG ZLWK LPSURYHG LVRODWLRQ DQG UHGXFHG FRPSOH[LW\
7KHVH FLUFXLWV ZHUH WKHQ LPSOHPHQWHG LQ VHFRQG JHQHUDWLRQ
86&( GHYLFHV ZKLFK ZHUH HYDOXDWHG XVLQJ WKH PHWKRGRORJ\
DGRSWHGIRUDQGSURYHQZLWKWKHRULJLQDOFDSVXOHV>@
6LPXOWDQHRXVO\ FRGHG H[FLWDWLRQ VLJQDOV ZLWK VXLWDEOH
EDQGZLGWK DQG WLPHGRPDLQ SURSHUWLHV ZHUH LGHQWLILHG DQG
HYDOXDWHGZLWKDEHQFKWRSWHVWLQJV\VWHP>@DQGLQYLYRWHVWLQJ
WRGHWHUPLQHWKHLUVXLWDELOLW\IRUXVHJLYHQWKHLPDJLQJZLQGRZ
DQGSRZHUOLPLWDWLRQVRIWKHFDSVXOHPRGDOLW\
,, )5217(1'(/(&7521,&6
$ )LUVW*HQHUDWLRQ(OHFWURQLFV
7KH GHVLJQ RI WKH IURQWHQG HOHFWURQLF FLUFXLWU\ LQ HDUO\
SURWRW\SHFDSVXOHVZDVLQWHQGHGWRPD[LPLVHWKHFKDQQHOFRXQW
ZKLOHPDLQWDLQLQJPD[LPXPDFFHSWDEOHRXWVLGHGLPHQVLRQV
PPOHQJWKPPGLDPHWHUEDVHGRQH[LVWLQJ9&(GHYLFHV>@
7KLV ZDV WR DOORZ WUDQVGXFHUV WR EH SODFHG DORQJ WKH HQWLUH
OHQJWKRIWKHFDSVXOHDVZHOODVDWDURXQGWKHFLUFXPIHUHQFH
RIWKHFDSVXOHWRDVVHVVWKHDELOLW\WRHVWDEOLVKDFRXVWLFFRXSOLQJ
DWGLIIHUHQWSRLQWVDORQJLWVOHQJWK7KHILQDOGHVLJQVXSSRUWHG
IRXUVLQJOHHOHPHQWSK\VLFDOO\IRFXVHGSRO\YLQ\OLGHQHIOXRULGH
39') WUDQVGXFHUV 0+] FHQWUH IUHTXHQF\  PP IRFDO
GHSWK ZLWK RQERDUG WUDQVPLWUHFHLYH LVRODWLRQ 0'
0LFURFKLS 7HFKQRORJ\ &KDQGOHU 86$ DQG  G%
DPSOLILFDWLRQ DFKLHYHG WKURXJK FRPPHUFLDO RSHUDWLRQDO
DPSOLILHUV$'$$QDORJ'HYLFHV1RUZRRG86$7KHVH
ZHUH PRXQWHG RQ D FXVWRP SULQWHG FLUFXLW ERDUG 3&%
(XURFLUFXLWV 19 0HFKHOHQ %HOJLXP ZLWK WKH WUDQVGXFHU
ZLUHVGLUHFWO\ DWWDFKHGYLD WKURXJKKROHFRQQHFWLRQV$ WHWKHU
ZDV XVHG IRU SRZHU VXSSO\ DQG GDWD FRPPXQLFDWLRQ ZLWK
FRQQHFWLYLW\WRWKHFLUFXLWU\ZLWKLQWKH86&(GHYLFHDFKLHYHG
ZLWK LQGLYLGXDO PLFURFRD[LDO FDEOHV  $:* FRUH 
:+$OSKD:LUH(OL]DEHWK86$
% 6HFRQG*HQHUDWLRQ(OHFWURQLFV
:KLOHJRRGWUDQVGXFHUWRWLVVXHFRXSOLQJZDVDFKLHYHGZLWK
WKH GHVFULEHG GHVLJQ DQG DFFHSWDEOH 0PRGH LPDJHV ZHUH
SURGXFHGXVLQJDSXOOEDFNDSSURDFKWKHKLJKGHQVLW\SURWRW\SH
SURYHGSURQHWRHOHFWULFDOQRLVHDQGRVFLOODWLRQLQWKHDPSOLILHUV
7KH WUDQVPLWUHFHLYH 75 SURWHFWLRQ FLUFXLWV DOVR GLG QRW
UHFRYHUZHOOIURPDYDODQFKHPRGHWUDQVPLWVLJQDOV$VWKHILUVW
VHWRILQYLYRWULDOVSURYHGWKHLPDJLQJFDSDELOLW\RIWKHFDSVXOH
ZDVUHODWLYHO\LQGHSHQGHQWRIWUDQVGXFHUSRVLWLRQLWZDVMXGJHG
UHDVRQDEOHWRUHGXFHWKHQXPEHURIWUDQVGXFHUVIURPIRXUWRWZR
DOORZLQJDVLJQLILFDQWUHGXFWLRQLQFLUFXLWGHQVLW\
7KHUHGXFHGFKDQQHOFRXQWDOORZHGWKHWUDQVPLWDQGUHFHLYH
WUDFHVWREHURXWHGZLWKPRUHGLUHFWFRQQHFWLRQVWRWKHFLUFXLWU\
7KLVDOVRSURYLGHGVSDFHIRUWKHSODFHPHQWRIHOHFWULFDOJURXQG
SODQHVEHWZHHQDOOWUDFHVZKLOHUHPRYLQJWKHPIURPXQGHUWKH
VHQVLWLYHDPSOLILHUFKLS7KHPLFURFRD[LDOVKLHOGVZHUHLVRODWHG
IURPWKHERDUGJURXQGSODQHDQGWLHGWRJHWKHUDWDVLQJOHSRLQW
DW WKH SUR[LPDO HQG RI WKH WHWKHU WR DYRLG FXUUHQW ORRSV
$GGLWLRQDOO\WKH75FKLSVZHUHUHSODFHGZLWKWZLQGLRGHDQG
FDSDFLWRU SURWHFWLRQ FLUFXLWV >@ %$9 9LVKD\
,QWHUWHFKQRORJ\ ,QF0DOYHUQ86$7KHVHFKDQJHVUHVXOWHG
LQ D PXFK ORZHU FLUFXLW GHQVLW\ )LJ  VLPSOLI\LQJ
PDQXIDFWXULQJDQGGHFUHDVLQJFURVVWDON7KHUHGHVLJQZDVDOVR
DFKLHYHG ZLWKLQ WKH VDPH IRRWSULQW DV WKH RULJLQDO 3&%
PLQLPLVLQJWKHFDSVXOHVKHOOUHGHVLJQ

)LJ &RPSDULVRQRISULQWHGFLUFXLWERDUGGHVLJQIRUWKHVWJHQHUDWLRQWRS
DQGQGJHQHUDWLRQERWWRP86&(GHYLFH$OOERDUGVPHDVXUHG[PP
,,,&2'('(;&,7$7,21
$XWRQRPRXV86&(FDSVXOHVKDYHWRUHO\RQDSRZHUVXSSO\
ZLWKDOLPLWHGPD[LPXPYROWDJH7KLVYROWDJHFDQEHLQFUHDVHG
ZLWK FKDUJHSXPS EDVHG SRZHUPDQDJHPHQW EXW WKHVH KDYH
OLPLWHG FRQYHUVLRQ HIILFLHQF\ 7KLV LQ WXUQ VXJJHVWV WKDW
WHFKQLTXHV DEOH WR RSHUDWHZLWK ORZHUPD[LPXP YROWDJHZLOO
DOORZ HQKDQFHG 615 DQG SHQHWUDWLRQ GHSWK FRPSDWLEOH ZLWK
86&(RSHUDWLQJOLIHWLPH2QHDSSURDFKH[SORUHGLVWKHXVHRI
FRGHG H[FLWDWLRQ VLJQDOV ZKLFK KDYH IRXQG DSSOLFDWLRQV LQ
PHGLFDOXOWUDVRXQG>@DQGQRQGHVWUXFWLYHWHVWLQJ>@EXWKDYH
VHHQRQO\OLPLWHGXVHLQP86>@
$ %DFNJURXQG
,Q FRQWUDVW WR D FRQYHQWLRQDO EURDGEDQG SXOVH FRGHG
H[FLWDWLRQZDYHIRUPVDUHIUHTXHQF\PRGXODWHGFKLUSVSKDVH
HQFRGHG %DUNHUFRGH*ROD\FRGHVRU WLPH LQWHUYDOHQFRGHG
>@ 7KH\ DUH QRUPDOO\ VXEMHFW WR GHFRGLQJ RQ UHFHLYH WR
UHFRYHUWKHKLJKHUUHVROXWLRQRIDVKRUWHUSXOVH2YHUDOODQ615
JDLQRIG% LV WKRXJKW WREH UHDOLVWLF LQ VRIWWLVVXH LPDJLQJ
>@ 2SWLRQDOO\ PLVPDWFKHG ILOWHULQJ HJ E\ DGGLWLRQ RI D
'ROSK&KHE\FKHY ZLQGRZ PD\ EH DSSOLHG WR VPRRWK WKH
UHVXOWVDWDFRVWRIDIHZG%615>@
7KH WUDQVGXFHU IUHTXHQF\ UHVSRQVH DQG LPDJLQJ PHGLXP
ERWKDIIHFWWKHTXDOLW\RIFRGHGH[FLWDWLRQDVLOOXVWUDWHGLQ)LJ
DQGVKRXOGEHWDNHQLQWRDFFRXQWZKHQVHOHFWLQJZDYHIRUPVIRU
DSDUWLFXODUDSSOLFDWLRQ>@7KLVLVHVSHFLDOO\UHOHYDQWLQWLVVXH
DVLWLVLQKRPRJHQHRXVDQGKDVVLJQLILFDQWQRQOLQHDUSURSHUWLHV
)LJ 6\VWHPPRGHORIDFRGHGH[FLWDWLRQXOWUDVRXQGV\VWHPDIWHU>@ZLWK
+IUWKHWUDQVIHUIXQFWLRQRIWKHWUDQGXFHUDQGWKHPHGLXPZLWKIUHTXHQF\DQG
GHSWKUGHSHQGHQWDWWHQXDWLRQQWDGGLWLYHQRLVHDQGFRPSUHVVLRQILOWHU&I
% :DYHIRUP6HOHFWLRQ
2XU JRDO ZDV WR LGHQWLI\ VXLWDEOH ZDYHIRUPV IRU XVH LQ
EHQFKWRS WHVWV DQG LQYLYR WULDOV /LQHDU IUHTXHQF\PRGXODWHG
)0FKLUSVDUHJRRGFDQGLGDWHV DV WKH\KDYH VPRRWK VHFRQG
GHULYDWLYHV ZKLFK DUH OHVV SURQH WR GLVWRUWLRQ WKURXJK WKH
WUDQVGXFHU %DUNHU FRGHV DQG *ROD\ FRGH SDLUV ZHUH DOVR
FRQVLGHUHGDVWKH\KDYHWKHPLQLPXPVLGHOREHOHYHORIVLQJOH
WUDQVPLVVLRQFRGHVDQGQRVLGHOREHVUHVSHFWLYHO\
7RPDWFKWKHSK\VLFDOSDUDPHWHUVRIWKH39')WUDQVGXFHUV
LQWKH86&(WHVWGHYLFHVWKHIUHTXHQF\UDQJHRIWKHFKLUSVZDV
GHILQHGDV0+]DQGWKHELQDU\SKDVHHQFRGHG%DUNHU
DQG *ROD\ FRGHV ZHUH PRGXODWHG ZLWK  0+] VLQXVRLGDO
VLJQDOV7KHZDYHIRUPVZHUHIXUWKHUWXQHGWRDFFRPPRGDWHWKH
FKDUDFWHULVWLF RXWSXW RI WKH EHVSRNH SRZHU DPSOLILHU LQ WKH
H[SHULPHQWDO VHWXS &RQVHTXHQWO\ WKH FKLUSV ZHUH PXOWLSOLHG
ZLWK D WDSHUHG FRVLQH 7XNH\ ZLQGRZ LQVWHDG RI D +DQQLQJ
ZLQGRZ WR PD[LPLVH VLJQDO FRQVLVWHQF\ DQG HQHUJ\ 7KH
VHOHFWHG%DUNHUDQG*ROD\FRGHVKDGPXOWLSOHF\FOHVUDWKHUWKDQ
RQH F\FOH SHU ELW DQG D SDXVH EHWZHHQ VXEVHTXHQW ELWV WR
SUHVHUYHWKHSKDVHFKDQJHVSRVWDPSOLILFDWLRQ)LJ
 7KHFRGHGZDYHIRUPVILQDOO\VHOHFWHGIRULQYLYRWHVWLQJ
ZHUH±0+]OLQHDU)0FKLUSVZLWKOHQJWKVRIQV
QVDQGQVWDSHUHGZLWK7XNH\ZLQGRZV)XUWKHUPRUH
DELW%DUNHUFRGHDQGELWDQGELW*ROD\FRGHSDLUVZHUH

)LJ ([DPSOHRIDELW%DUNHUFRGHGZDYHIRUPPRGXODWHGZLWKD0+]
VLQH7KHFRGHZWLVGHVLJQHGZLWKWKUHHKDUPRQLFF\FOHVSHUELWDQGDSDXVH
EHWZHHQHDFKELWRIQV7KH WKLFN OLQH K7[W VKRZV WKH WKHVLJQDODW WKH
SRZHUDPSOLILHURXWSXWZLWKDPSOLWXGHGLVWRUWLRQEXWSUHVHUYHGSKDVHFKDQJHV
FKRVHQHDFKPRGXODWHGZLWKWKUHHIXOOF\FOHVRIDVLQXVRLGSHU
ELWDQGDSDXVHRIQVEHWZHHQFRQVHFXWLYHELWV
& 6FDQQLQJ6\VWHP7HVWV
7HVW LPDJHV ZHUH JHQHUDWHGZLWK WKH VHOHFWHG ZDYHIRUPV
XVLQJDVWDWLFVFDQQLQJV\VWHPDQGDPPWXQJVWHQZLUHWDUJHW
$Q DUELWUDU\ ZDYHIRUP JHQHUDWRU  5LJRO 7HFKQRORJLHV
,QF6X]KRX&KLQDZDVXVHGWRJHQHUDWHWKHFRGHVZKLFKZHUH
LQSXWWRWKHEHVSRNHDPSOLILHUWRGULYHD0+]39')VLQJOH
HOHPHQWWUDQVGXFHUZLWKPPVSKHULFDOIRFDOOHQJWK
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)LJ :LUHWDUJHWVFDQUHVXOWVZLWKDQVFKLUSEELW%DUNHUFRGH
FELW*ROD\&RGH3DUW$RIWKHFRGHSDLURQO\GELW*ROD\&RGHSRVW
FRGHSDLUVXPPDWLRQ

)LJVKRZVDQH[DPSOHRIWKHVFDQUHVXOWV$VH[SHFWHGWKH
EHVWUHVROXWLRQLQDOOVFDQVZDVREWDLQHGDWWKHSK\VLFDOIRFXVRI
WKH WUDQVGXFHU 7KH  QV FKLUS LPDJH VKRZV YLVLEOH ZLUH
HFKRHVEXWWKHG\QDPLFUDQJHLVOHVVWKDQWKHRWKHUFRGHVGXHWR
WKHVKRUWHUSXOVHOHQJWKDQGFRUUHVSRQGLQJORZHUSXOVHHQHUJ\
7KHELW%DUNHUFRGHDQGWKHELW*ROD\FRGHSDUW$VKRZ
WKHLU FKDUDFWHULVWLF VLGHOREHVDQGDQ LQFUHDVHGG\QDPLF UDQJH
7KHEHVWUHVXOWZLWKUHJDUGVWRG\QDPLFUDQJHDQGUHVROXWLRQLV
DFKLHYHGZLWKWKHFRPELQHGELW*ROD\FRGH
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9DOLGDWLRQRIWKHQHZSURWRW\SHHOHFWURQLFVZDVSHUIRUPHG
LQWKHVPDOOERZHORIDSRUFLQHPRGHOLQYLYR7KHSURFHGXUH
ZDVFRQGXFWHGXQGHU+RPH2IILFH8./LFHQVH33/
LQ DFFRUGDQFH ZLWK WKH $QLPDO 6FLHQWLILF 3URFHGXUHV $FW

7ZRIHPDOH/DQGUDFHSLJVDJHGPRQWKVZHUHVXSSOLHG
E\DORFDOEUHHGHUVXSSOLHU7KHSLJVZHUHPDLQWDLQHGLQJURXSV
RIQROHVVWKDQWZRDQLPDOVLQOLFHQVHGKRXVLQJ3(/
EHGGHG RQ VWUDZ DQG IHG µ$%1 3LJ 5HDUHU 3HOOHWV¶ DG OLE
(QYLURQPHQWDO YDULDEOHV ZHUH PDLQWDLQHG ZLWKLQ WKH OLPLWV
GHWDLOHG E\ 3(/ )RRG ZDV ZLWKKHOG IRU  KRXUV EHIRUH
DQHVWKHVLD EXW DFFHVV WR ZDWHU ZDV PDLQWDLQHG XQWLO SUH
DQHVWKHWLFPHGLFDWLRQZKLFKFRPSULVHGD]DSHURQHPJNJ
³6WUHVQLO  PJPO 6ROXWLRQ IRU ,QMHFWLRQ´ (ODQFR $QLPDO
+HDOWK +DPSVKLUH NHWDPLQH  PJNJ ³.HWDPLGRU 
PJPO 6ROXWLRQ IRU ,QMHFWLRQ´ &KDQHOOH 8. %HUNVKLUH
PLGD]RODP  PJNJ ³+\SQRYHO PJPO 6ROXWLRQ IRU
,QMHFWLRQ´5RFKH+HUWIRUGVKLUHDQGPRUSKLQHPJNJ
³0RUSKLQH 6XOSKDWH PJPO´ 0DUWLQGDOH 3KDUPDFHXWLFDOV
%XFNLQJKDPVKLUH FRPELQHG LQ RQH V\ULQJH DQG LQMHFWHG
LQWUDPXVFXODUO\ $QHVWKHVLD ZDV LQGXFHG ZLWK LVRIOXUDQH
³,VRIOR´=RHWLV6XUUH\YDSRUL]HGLQR[\JHQDQGQLWURXVR[LGH
DGPLQLVWHUHG YLD D %DLQ EUHDWKLQJ V\VWHP DQG IDFHPDVN $
FDQQXODZDVSODFHGLQWKHDXULFXODUYHLQ
$FFHVV WR WKH UHPRWH VPDOO ERZHO ZDV DFKLHYHG YLD DQ
DUWLILFLDOO\FUHDWHGVWRPDXQGHUJHQHUDODQHVWKHVLDLPPHGLDWHO\
SULRU WR WKH H[SHULPHQW 7KH H[SHULPHQW DQG VXEMHFW ZHUH
PRQLWRUHG WKURXJKRXW WKH SURFHGXUH E\ DQ H[SHULHQFHG
YHWHULQDU\ DQHVWKHWLVW:KHQ WKH H[SHULPHQWVZHUH FRPSOHWH
WKHSLJVZHUHHXWKDQL]HGZLWKRXWUHFRYHU\XVLQJSHQWREDUELWDO
7KH86&(GHYLFHVZHUHLQWURGXFHGaFPLQWRWKHVPDOO
ERZHOYLDWKHVWRPDDQG0PRGHVFDQVZHUHREWDLQHGIRUVWDWLF
SRVLWLRQV DQG ZLWK PDQXDO SXOOEDFN RI WKH GHYLFHV E\ WKH
FOLQLFLDQ$OOSXOOEDFNVZHUHSHUIRUPHGRYHUVLQWHUYDOVZLWK
DQ  FP SXOO OHQJWK $IWHU HDFK SXOOEDFN WKH FDSVXOH ZDV
UHWXUQHGWRLWVRULJLQDOSRVLWLRQE\PHDQVRIPHDVXUHGPDUNVRQ
WKH WHWKHU $OO VFDQV ZHUH UHFRQVWUXFWHG XVLQJ VWDQGDUG
HQYHORSHGHWHFWLRQDQGORJDULWKPLFFRPSUHVVLRQDQGHYDOXDWHG
E\WKHFOLQLFLDQIRULPDJHTXDOLW\DQGDELOLW\WRGLVFHUQWDUJHW
DQDWRP\
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7KHVHFRQGJHQHUDWLRQIURQWHQGFLUFXLWU\SHUIRUPHGZHOOLQ
WUDQVODWLRQDO WULDOV ZLWK LPSURYHG WLVVXH GLIIHUHQWLDWLRQ LQ
FRPSDULVRQ WR WKH ILUVW JHQHUDWLRQ DV VKRZQ LQ )LJ 
5HILQHPHQW RI WKH SXOOEDFN SURFHGXUH EDVHG RQ H[SHULHQFH
JDLQHG IURP SUHFHGLQJ WULDOV DOVR OHG WR LPSURYHG VFDQ
UHSHDWDELOLW\ RYHU PXOWLSOH SXOOEDFNV 2YHUDOO WKH LPDJLQJ
FOLQLFLDQEHOLHYHG WKH UHVXOWV WREH VDWLVIDFWRU\ DQGFRQILUPHG
WKDWWKH\UHSUHVHQWHGDQLPSURYHPHQWRYHUSUHYLRXVWULDO
 
D E
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ILUVWJHQHUDWLRQIURQWHQGFLUFXLWU\DQG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VHFRQGJHQHUDWLRQFLUFXLWU\'LUHFWFRPSDULVRQ
LVLPSRVVLEOHEHFDXVHWKHPHDVXUHPHQWVZHUHWDNHQLQWZRVHSDUDWHH[SHULPHQWVZLWKGLIIHUHQWSLJVEXWHQKDQFHGWLVVXHLPDJLQJDQGSHQHWUDWLRQLVDSSDUHQWLQE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
RXWFRPHV ,Q FRQWUDVW WKHUHVXOWV DFKLHYHG ZLWK WKH VHOHFWHG
FRGHGZDYHIRUPV VKRZHG OLPLWHG YLVLELOLW\ LQ WKH XQGHUO\LQJ
WLVVXHVWUXFWXUHV
 7KHUHGXFHGSHUIRUPDQFHZLWKFRGHGH[FLWDWLRQLQYLYRPD\
EH FDXVHG E\ LQFUHDVHG VHQVLWLYLW\ WR WLVVXH PRWLRQ DQG QRQ
OLQHDU HIIHFWV FRPSDUHG WR FRQYHQWLRQDO LPDJLQJ PRGDOLWLHV
$GGLWLRQDOO\ WKH EHVSRNH DPSOLILHU XVHG ZLWK WKH FRGHG
H[FLWDWLRQFRQILJXUDWLRQKDGORZHUSHDNSRZHUWKDQWKHVWDQGDUG
LPDJLQJ V\VWHP +RZHYHU WKH H[SHULPHQWV VXFFHVVIXOO\
GHPRQVWUDWHG WKDW ERWK IURQWHQG FLUFXLW GHVLJQV ZHUH
FRPSDWLEOHZLWKWKHFRGHGH[FLWDWLRQV\VWHPDQGWKHSDUWLFXODU
FRGHV VHOHFWHG )XWXUHZDYHIRUPGHVLJQZLOO H[SORUHZD\V WR
DGGUHVV WKH QRQOLQHDULW\ DQG PRWLRQ VHQVLWLYLW\ RI WKH
ZDYHIRUPVWHVWHGLQWKLVVWXG\
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